Sh -CH2OH/Lg = CH3, Sh = CH2OH/Lg -CH 2 OH, and Sh = CH 3 /Lg -CH 3 .
The compositions of these SAMs are not the same as the compositions of the solutions from which they were formed, and the relationship between these compositions suggests that the Sms have partially phase separated. Contact angles with water and hexadecane, however, show that significant disorder still remains in the interfacial region.
Introduction
In this paper, we describe the adsorption and wetting properties of two-component self-assembled monolayers (SAMs) prepared by the adsorption of alkanethiols with different lengths of alkyl chains --HS(CH2)shSh and HS(CH2)IgLg, where sh = 10 and ig -21 , and Sh and Lg are either CH 2 OH or CH 3 --onto freshly evaporated gold substrates. We have studied the four possible combinations of Sh and Lg (Sh = CH3/Lg -CH 3 , Sh -CH 3 /Lg = CH 2 OH, Sh = CH2OH/Lg = CH 3 , and Sh = CH 2 OH/Lg = CH 2 OH). We have described some of the details of these systems previously [1] [2] ; in this paper, we focus on the composition of the SAM: its dependence on the conditions for adsorption, and its effect on the wetting properties. We will introduce this work with a brief overview of the area of SA~s of alkanethiols on gold. We then discuss the relationship between the composition of the SAM and the composition of the solution. In the final section, we describe some of the wetting properties of these two-component SAYs, concentrating on the relationship between wettability and the composition of the SAM.
Background
Among the many systems currently available for the formation of self-assembled monolayers [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , SAMs obtained by the adsorption of alkanethiols (HS(CH 2 )nX) onto gold (and, perhaps, onto silver 11,12] ) are the most versatile: the strength and specificity of the metal-sulfur interaction allows the introduction of many important terminal functional groups (X) into 3 the monolayers (10,15-21). The highly ordered structure of these SAMs has been established using a variety of techniques, including polarized infrared external reflectance spectroscopy (PIERS) [9, 11, 12, 15, 22) , electron diffraction [23] , helium scattering [24, 25] , X-ray scattering [25, 26) , scanning tunneling microscopy [27) , and surface Raman spectroscopy [28] (Figure 1) ; these techniques yield a structure in agreement with molecular dynamics calculations £29). This structure exposes the terminal functional groups (X) at the monolayer-air interface, and thus allows the interfacial properties of the monolayer to be controlled by changing X. Model systems based on these SAMs have become increasingly important in fundamental studies of electrochemistry [19, 30) , protein adsorption [20) , X-ray induced damage to organic materials [31), and wetting [1, 2, 10, 13, [16] [17] [18] 20, [32] [33] [34] [35] .
Our interest in these S;.2s is based in an interest in the physical-organic chemistry cf organic interfaces, especially the relationships between molecular structure and wetting (1, 2, 13, (16) (17) (18) 20, 34) . SAMs derived from the adsorption of alkanethiols onto gold provide a molecular basis for studies of wettability. in our investigations of the wettability of SAMs, we have utilized two approaches: formation of single-component SAMs with terminal functional groups of variable hydrophilicity [10, 13, [16] [17] [18] 20) , and formaticn of two-component SAMs [1, 2, 13, 16, 18, 20) . The latter method provides the greater degree of control over the properties of the interface, because the relative concentrations of the two components in the SAM can be adjusted. In this study, we have examined the effect of disorder The alkyl chains are in a trans zig-zag array (the small concentration of gauche conformers is localized near the ends of the chains (12, 24, 29] ), and are oriented about 300 from the surface normal [9, 12, 16, 22] . Because of this highly ordered structure, the tail groups (X) are localized at the monolayer-air interface. Our group has shown previously that this quantity can be used to determine the compositions of SAls -inccrporating thiolates of it minimizes error due to drift in the intensity of the X-ray source.
Au (111) -
The work described here is focused on the tail groups methyl and hydroxymethyl; these groups provide a large difference in the wettabilities of the single-component SAMs, and a large range of wettabilities for the mixed SAMs (1,2,10). The oxygen of the hydroxynethyl group also provides a "tag" for monitoring composition Dy XPS [2) . The deviation from ideality (RsA M -Rscln; dashed line in Figure 3) indicates a preference of the longer component for the surface, exchange between species in solution and species in the completed SAM is slow at room temperature.
We emphasize here that these results may be a function of the crystallinity and morphology of our gold substrates. These conclude with an incomplete discussion of hysteresis in the contact angle of water on these SA.Ms. Hysteresis is still incompletely understood (43, 44] , but has the potential to provide substantial useful information about the heterogeneity of surfaces.
All of the contact angles discussed in this section were taken on SAMs formed under normal adsorption conditions. To the present, we have not observed any general trends in the contact angles as a function of the conditions used for adsorption (38] .
In this work, we have taken maximum advancing (0a) and minimum receding ( 0 r) contact angles (10,44). In presenting our data, we plot the cosine of the contact angle as in Young's equation [45) : These data might suggest that the contact angles are not affected by disorder in the interfacial region or that the mixed SAMs are not disordered, but since methylene groups are as hydrophobic as methyl groups (see below), using water as a probe liquid, we cannot reliably differentiate between a SAM that has phase separated into macroscopic islands and a SAM with randomly dispersed hydroxymethyl groups in a sea of methyl and methylene groups.
For Sh -CH2OH/Lg = CH 3 , only the receding contact angles of water are linearly related to the composition of the SAM; the plot of advancing contact angle of water against XLa,SAM is curved ( Figure 6 ). These data illustrate the high sensitivity of the contact angles to the molecular structure of the interface: If this system were macroscopically phase separated, we would expect that the advancing angles would be related linearly in the composition of the SAM. This result implies significant disorder at the interface: the longer chains are flopping over the shorter chains while the drop of water is advancing, but while the drop is Mixed phases of Sh -CH 3 /Lg -CH 3 are as hydrophobic (as determined by the advancing contact angle of water) as the highly ordered, single-component SAms (Figure 8 ).
While the contact angles of hexadecane clearly show that the interface is disordered (see Figure 9 ), the advancing contact angle of water is unaffected by the presence of methylene groups at the interface. Generally, Figure 10 shows the hysteresis in the contact angle of water for the mixed SAMs of Sh = CH 2 OH/Lg = CH 3 plotted against the composition of the SAM. The origin of this increase in hysteresis is probably the disorder in the interface, but we will not be able to quantify this effect until we can reproducibly control the roughness of our substrates and reduce the error in the measurement of the contact angles (2) . Theoretical and experimental studies of hysteresis have not addressed the problem of molecular-scale microheterogeneity at the interface [43, 44] , but once we understand the distribution of the two thiolates on the gold surface, SAMs derived from the types of components presented here will be a very useful tool for understanding fully the origins of hysteresis. we do not believe that these SAMs are completely disordered:
the relationship between the composition of the SAM and the composition of the solution suggests that these SAMs have partially phase separated under normal conditions for adsorption.
We can change the degree of mixing of the two components in the plane of the monolayer by changing the conditions for adsorption, but we have yet to form a completely phase separated set of SAMs or a completely mixed set of SAMs. We are continuing to explore 14 the wetting and adsorption properties of these SAMs with the goals of determining and controlling the size of the islands in the SAM, and then relating the wetting properties (especially hysteresis)
to the heterogeneity of the interfaces. iii) We commonly observe that the value of the advancing contact angle of water on hydroxymethyl-terminated monolayers quickly increases with the amount of time between removal of the sample from solution and the time that the contact angles are taken. We attribute this increase (which is relatively small in terms of cos e) to airborne contaminants adsorbing to this high-energy surface, and not to reconstruction of the monolayer-air interface of the single-component SAYs [46) .
iv) The advancing contact angles of hexadecane on Sh -CH 3 /Lg = CH 2 OH and Sh = CH 2 OH/Lg = CH 3 show similar trends (2] , but since the hydroxymethyl-terminated monolayers are wettable, the data are not as illustrative of disorder in the interface as Sh = CHi/Lg = CH 3 .
